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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a lithium-manganese multi-component oxide 
particulate composition which has a high energy density and high charging capacity and has 
an excellent cycle characteristic when used as a positive electrode active material for lithium 
ion secondary batteries and a method for manufacturing the same. 
SOLUTION: The lithium-manganese multi-component oxide particulate composition which 
consists of the multi-component oxide expressed by the general fonnula, LixMnl-y-zMyNzOa 
(where, M denotes at least at least one element selected from the group consisting of Cr and 
Al; N denotes at least one element selected from the group consisting of B, Mg, Si, Sc, Ti, V, 
Fe, Co. Ni, Cu, Zn, Ga, Y, Zr, Mb, Mo, Ru, Sn. Sb, Ce, Pr, Nd, Hf, Ta and Pb; (x), (y), (z)and 
(a) are respectively the numbers satisfying 0.8^^1.2, 0<y<0.2, O^z^O.2 and 1.8^a<2.3) and 
he multi-component oxide of which the crystal system is a tetragonal crystal or consists of a 
mixture composed of the multi-component oxide of which the crystal system is the tetragonal 
crystal and the multi-component oxide of which the crystal system is a riiombic crystal and in 
which the intensity ration R defined by I (rtiombic crystal)/l (tetragonal type) in X-ray diffraction 
is in a range of 0 to 0.3 is provided. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3 .In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a lithium manganese multiple oxide particle-like 
constituent useful as positive active material of a rechargeable lithium-ion battery, and the rechargeable 
lithium-ion battery which comes to use this lithium manganese multiple oxide particle-like constituent 
as positive active material further about that manufacture approach. 
[0002] 

[Description of the Prior Art] As positive active material of a rechargeable lithium-ion battery, the 
lithium cobalt multiple oxide (LiCo02) which has the geometric capacity of 274 mAh/g is used 
conventionally. However, since a manufacturing cost is high and the resource is restricted from the place 
which uses cobalt as a raw material, a lithium cobalt multiple oxide has anxiety also in respect of 
supply. Then, 4V class LiMn 204 which has Spinel structure as a lithium manganese multiple oxide 
which is abundant in resource and moreover uses cheap manganese as a raw material It is proposed as 
positive active material. However, this multiple oxide has the fault that geometric capacity is as low as 
148 mAh/g, and the charge-and-discharge cycle engine performance is inferior. 

[0003] Li2 Mn 204 of ****** which has geometric capacity [ being comparable as a cobalt acid lithium 
(285 mAh/g) ] under such a situation A prismatic crystal or monoclinic system LiMn02 It comes to be 
observed as alternate material of a cobalt acid lithium, and is expected as a positive-electrode ingredient 
of a rechargeable lithium-ion battery. 

[0004] LiM02 (M shows transition metals.) which is single phase is indicated by JP,4-181660,A, JP,9- 
245787,A, JP,9-259927,A, JP,9-306547,A, JP,10-125307,A, JP, 10-3082 18, A, etc. Li2 Mn 204 which 
has tetragonal structure It is indicated by IP,5-295516,A, JP,8-2771 18,A, JP,1 1-195417,A, etc. 
Moreover, Li2 Mn 204 which has tetragonal structure LiMn02 which has prismatic crystal structure 
The lithium manganese multiple oxide which consists of mixture is already indicated by JP,6-338320,A. 

[0005] The lithium manganese multiple oxide constituent which permuted some manganese atoms, other 
elements, i.e., permutation element, is also already known. For example, LiMn02 which has prismatic 
crystal structure The multiple oxide which permuted some manganese atoms by other elements is Li2 
Mn 204 which is indicated by JP,2-220358,A, JP, 10-27626, A, etc. and has tetragonal structure. The 
multiple oxide which permuted some manganese atoms by the permutation element is indicated by 
JP, 10-302766, A. 

[0006] It sets to the rechargeable lithium-ion battery which used such a lithium manganese multiple 
oxide for positive active material, and is LiMn 204 of the conventional spinel mold. If compared with 
the included manganese system positive active material, although the improvement is made, in capacity 
or a cycle property, an improvement and low-cost-izing of the further property are called for strongly. 
[0007] 

[Problem(s) to be Solved by the Invention] When it is made in order to solve the problem in the lithium 
manganese multiple oxide as positive active material of a rechargeable lithium-ion battery mentioned 
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above, and it uses as positive active material of a rechargeable lithium-ion battery, this invention has a 
high energy consistency, and charge-and-discharge capacity is high and it aims at moreover offering the 
lithium manganese multiple oxide particle-like constituent which is excellent in a cycle property, and its 
manufacture approach. 

[0008] Furthermore, this invention aims at offering the highly efficient and cheap rechargeable lithium- 
ion battery which comes to use such a lithium manganese multiple oxide particle-like constituent as 
positive active material. 
[0009] 

[Means for Solving the Problem] According to this invention, it is a general formula (I). 
Lix Mnl-y-z My Nz Oa (M shows among a formula at least one sort of elements chosen from the group 
which consists of Cr and aluminum) N B, Mg, Si, Sc, Ti, V, Fe, Co, nickel, Cu, Zn, Ga, Y, Zr, Nb, Mo, 
Ru, Sn, Sb, Ce, Pr, Nd, at least one sort of elements chosen from the group which consists of Hf, Ta, and 
Pb are shown, and x, and y, z and a are numbers which fill 0.8<=x<=1.2, 0< y<=0.2, 0<=z<=0.2, and 
1 .8<=a<=2.3, respectively. [ whether it consists of a multiple oxide whose crystal system it is the 
multiple oxide expressed and is a tetragonal mold, and ] Or it consists of mixture of the multiple oxide 
whose crystal system is a tetragonal mold, and the multiple oxide whose crystal system is a prismatic 
crystal, and the lithium manganese multiple oxide particle-hke constituent which has the intensity ratio 
R defined by I (prismatic crystal)/! (tetragonal mold) in an X diffraction in the range of 0-0.3 is offered. 
[0010] Furthermore, according to this invention, the manufacture approach of the above-mentioned 
lithium manganese multiple oxide particle-like constituent which consists of the 1st process which 
mixes a lithium compound, a trivalent manganese compound and the compound of Element M, and the 
compound (the compound of two or more elements may be a solid-solution compound among the 
compounds of these three elements.) of Element N, and obtains mixture, and the 2nd process which 
calcinates the above-mentioned mixture under an inert gas ambient atmosphere is offered. 
[0011] 

[Embodiment of the Invention] The lithium manganese multiple oxide particle-like constituent by this 
invention is a general formula (I). 

Lix Mnl-y-z My Nz Oa (M shows among a formula at least one sort of elements chosen from the group 
which consists of Cr and aluminum) N B, Mg, Si, Sc, Ti, V, Fe, Co, nickel, Cu, Zn, Ga, Y, Zr, Nb, Mo, 
Ru, Sn, Sb, Ce, Pr, Nd, at least one sort of elements chosen from the group which consists of Hf, Ta, and 
Pb are shown, and x, and y, z and a are numbers which fill 0.8<=x<=1.2, 0< y<=0.2, 0<=z<=0.2, and 
1.8<=a<=2.3, respectively. [ whether it consists of a multiple oxide whose crystal system it is the 
multiple oxide expressed and is a tetragonal mold, and ] Or it consists of mixture of the multiple oxide 
whose crystal system is a tetragonal mold, and the multiple oxide whose crystal system is a prismatic 
crystal, and the intensity ratio R defined by I (prismatic crystal)A (tetragonal mold) in an X diffraction is 
in the range of 0-0.3. 

[0Q12] The lithium manganese multiple oxide particle-like constituent by this invention "[ whether a 
crystal system consists of a multiple oxide which is a tetragonal mold, and ] That or it consists of 
mixture of the multiple oxide whose crystal system is a tetragonal mold, and the multiple oxide whose 
crystal system is a prismatic crystal" Li2 of the tetragonal structure where the X diffraction chart of the 
lithium manganese multiple oxide particle-Uke constituent was registered into JCPDS (Joint Committee 
PowderDiffraction Standard) card No.38-0299 Mn 204 LiMn02 which it consists of a lithium 
manganese multiple oxide particle-like constituent which has the same peak pattern, or is the lithium 
manganese multiple oxide of this and prismatic crystal structure It means consisting of mixture. 
[0013] The lithium manganese multiple oxide particle-like constituent by this invention furthermore, 
saying "the intensity ratio R defined by I (prismatic crystal)/! (tetragonal mold) in an X diffraction is in 
the range of 0-0.3" It sets to an X diffraction and is the diffraction reinforcement (it is hereafter called I 
(tetragonal mold).) of the diffraction peak of the field (101) of a tetragonal mold. Diffraction 
reinforcement of the diffraction peak of the field (010) of the prismatic crystal to receive (it is hereafter 
called I (prismatic crystal).) It means that Ratio R (namely, R=I(prismatic crystal)/! (tetragonal mold)) is 
in the range of 0-0.3. 
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[0014] Monoclinic system LiMnO 2 which has the layer stmcture If it attaches Since adoption is not 
carried out to current and a JCPDS card, from an X diffraction pattern to direct although a crystal phase 
cannot be identified - however, M. Tabuchi et al., J.Electrochem.Soc, Vol.145, and L49 etc. - 
according to the reference Monoclinic system LiMnO 2 The peak pattern is shown and this is tetragonal 
Li2 Mn 204. It is the almost same peak pattern. Then, in this invention, that X diffraction pattern uses 
the same crystal system as a "tetragonal mold" for convenience with the X diffraction pattern of 
adoption JCPDS card No.3 8-0299, and the above-mentioned monoclinic system is also contained in this 
"tetragonal mold." 

[0015] As mentioned above, an intensity ratio R is defined by I (prismatic crystal)/I (tetragonal mold), 
and the lithium manganese multiple oxide particle-like constituent by this invention has this intensity 
ratio R in the range of 0-0.3. The ratio of the prismatic crystal in the mixture of the multiple oxide 
whose crystal system is a tetragonal mold, and the multiple oxide whose crystal system is a prismatic 
crystal becomes high, and, as for the rechargeable lithium-ion battery using such a constituent as 
positive active material, a cycle property and charge-and-discharge capacity tend to worsen, so that an 
intensity ratio R is large. When an intensity ratio R exceeds 0.3, the rechargeable lithium-ion battery 
obtained stops and having sufficient cycle property practical. According to this invention, the range of 
an intensity ratio R is 0-0.2 preferably, 

[0016] In the lithium manganese multiple oxide particle-like constituent by this invention, the element 
which permutes some manganese atoms is called permutation element, and according to this invention, 
the 1st permutation element M It is at least one sort chosen from the group which consists of Cr and 
aluminum. The 2nd permutation element N It is at least one sort chosen from the group which consists 
of B, Mg, Si, Sc, Ti, V, Fe, Co, nickel, Cu, Zn, Ga, Y, Zr, Nb, Mo, Ru, Sn, Sb, Ce, Pr, Nd, Hf, Ta, and 
Pb. 

[0017] The pennutation element M of the above 1st is an element which controls said intensity ratio R, 
and in order to mainly obtain the lithium manganese multiple oxide particle-like constituent of a 
tetragonal mold according to this invention, it is an indispensable element. The reason is LiMn02 
although it is not necessarily clear. In a crystal, when the permutation element M occupies a part of 
location which a manganese atom occupies, it originates in the difference of the magnitude of an ionic 
radius, and a tetragonal mold stable in energy is expected to occupy a main crystal system and for an 
unstable prismatic crystal to occupy the remainder. 

[0018] According to this invention, the range of the amount y of permutations of the 1st permutation 
element M (mol) being in the range of 0< y<=0.2 among one mol of manganese atoms in a lithium 
manganese multiple oxide is 0.03<=y<=0.1 desirable especially preferably. When the amount y of 
permutations of the 1st permutation element M is too small, said intensity ratio R tends to become large, 
therefore the cycle property and charge-and-discharge capacity of a rechargeable lithium-ion battery 
which come to use a constituent as positive active material worsen. On the other hand, when the amount 
y of permutations of the 1st permutation element M is too large, as for the rechargeable lithium-ion 
battery which uses such a multiple oxide as positive active material, discharge capacity falls. 
[0019] The above-mentioned cycle property and capacity are improvable by the permutation element M 
of the above 1st permuting some manganese atoms of a lithium manganese multiple oxide, and 
improving the cycle property and capacity of a rechargeable lithium-ion battery which are obtained 
according to this invention fiirther by permuting some manganese atoms [ a part of ] with the 2nd 
permutation element N. Therefore, like the 1st permutation element M, it contributes to stabilization of 
the crystal structure of the lithium manganese multiple oxide obtained, and the 2nd permutation element 
N is expected to contribute to an improvement of a property. 

[0020] According to this invention, as for the amount z of permutations of the 2nd permutation element 
N (mol), it is desirable that it is in the range of 0<=z<=0.2 among one mol of manganese atoms in a 
lithium manganese multiple oxide, and it is desirable that it is in the range of 0.01<=z<=0. 1 especially. 
When the amount z of permutations of the 2nd permutation element N is too large,. the charge-and- 
discharge capacity of the rechargeable lithium-ion battery obtained falls. 

[0021] Naturally in said general formula (I), that in which it separates from stoichiometry although x is 1 
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for a stoichiometry top may also exist. In the lithium manganese multiple oxide particle-like constituent 
by this invention, x can be suitably used as positive active material of a rechargeable lithium-ion battery 
at least, even if there are more lithiums which can take the range of 0.8<=x<=l .2 than stoichiometry. 
[0022] On the other hand, in said general formula (I), a is x mentioned above, and the value of z and the 
value which becomes settled with the valence of the 2nd permutation element N, and the minimum 
value and maximum are determined as follows. That is, when the valences of the x= 0.8 and 2nd 
permutation element N are 2 and z= 0.2, the minimum value is taken in a= 1 .8, and when the valences of 
the x= 1.2 and 2nd permutation element N are 5 and z= 0.2, maximum is taken in a= 2.3. 
[0023] Next, as for the lithium manganese multiple oxide particle-like constituent by this invention, it is 
desirable that specific surface area is in the range of 0. l-6.0m2 / g, and especially its thing in the range 
of 0.1-2.0m2 / g is desirable. In this invention, specific surface area points out the value calculated with 
the BET one point method for BET method here using an automatic surface area measuring device 
(Yuasa Ionics make monosorb MS- 15). 

[0024] When the specific surface area of a lithium manganese multiple oxide particle-like constituent is 
smaller than 0. Im2 / g and it uses as positive active material of a rechargeable lithium -ion battery, there 
is a possibility that a lot of [ quickly ] quantity of electricity cannot be taken out. On the other hand, 
since the elution volume of the manganese to the electrolytic solution in a rechargeable lithium-ion 
battery becomes large when specific surface area exceeds 6.0m2 / g, there is a possibility that the 
problem of a fall (cycle nature) of charge-and-discharge capacity may arise. 

[0025] Moreover, as for the lithium manganese multiple oxide particle-like constituent by this invention, 
it is desirable that it is in the range whose tap density is 1.4-2.4g/cc. Here, in this invention, after tap 
density extracts lOg of fine particles to the measuring cylinder of 50mL capacity and drops it 50 times 
perpendicularly from height of 50mm on a level and flat hard-rubber plate, it measures volume [ after 
tapping ] V (cc) here, and points out the value of lO/Y at that time (g/cc). 

[0026] The amount of positive active material occupied to the volume of a rechargeable lithium-ion 
battery increases, and there is an advantage that charge-and-discharge capacity per volume is made 
mostly, so that the tap density of a lithium manganese multiple oxide particle-like constituent is large. 
However, when it is going to make only tap density high, there is a possibility that insertion of the 
lithium ion to positive active material and the reactivity of desorption may fall victim. Especially, as for 
tap density, according to this invention, it is desirable that it is in the range of 1 .6-2.2g/cc. 
[0027] Furthermore, it is desirable that the particle shape is spherical while the lithium manganese 
multiple oxide particle-like constituent by this invention has the particle diameter of the aggregated 
particle by SEM (scanning electron microscope photograph) observation in the range which is 2-50 
micrometers. In this invention, the particle diameter of one particle points out the average of a major 
axis and a minor axis, and mean particle diameter is the average of the particle diameter of 200 particles 
of the arbitration of a SEM image. 

[0028] When the particle diameter of a lithium manganese multiple oxide particle-like constituent is 
smaller than 2 micrometers, and it leads to the fall of tap density and uses as positive active material of a 
rechargeable lithium-ion battery, the fill per volume decreases and charge-and-discharge capacity 
becomes low. On the contrary, when particle diameter exceeds 50 micrometers, such a particle has a 
possibility of penetrating and short-circuiting the separator between the forward negative electrodes 
which consist of high polymer films, such as polypropylene. Especially, according to this invention, the 
particle diameter of a lithium manganese multiple oxide particle-like constituent has the desirable range 
of 2-50 micrometers, and it is most desirable that it is in the range of 2-30 micrometers especially. 
[0029] Moreover, in this invention, not to be a real ball "-like" as the configuration of a particle-Uke 
constituent is "spherical", and what is necessary is just "spherical" in general. 
[0030] The lithium manganese multiple oxide particle-like constituent by this invention which was 
mentioned above As the 1st process, they are a lithium compound, a trivalent manganese compound and 
the compound of Element M, and the compound (the compound of two or more elements may be a 
solid-solution compound among the compounds of these manganese and three elements of M and N.) of 
Element N. It can mix, mixture can be obtained and the lithium manganese multiple oxide particle-like 
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constituent which calcinates this mixture under an inert gas ambient atmosphere, and is subsequently 
expressed with said formula (I) as the 2nd process can be obtained. In this invention, the reaction which 
obtains a lithium manganese multiple oxide particle-like constituent by this baking is hereafter called 
lithiation reaction. 

[003 1] According to this invention, in the 1st process, a lithium compound, a trivalent manganese 

compound and the compound of Element M, and the compound (the compound of two or more elements 
may be a solid-solution compound among the compounds of these three elements.) of Element N are 
mixed, and mixture is obtained. According to this invention, namely, as a trivalent manganese 
compound, the compound of Element M, and a compound of Element N Each compound may be used 
and the solid solution of a trivalent manganese compound and the compound of Element M and the 
compound of Element N may be used. The solid solution of a trivalent manganese compound and the 
compound of Element N and the compound of Element M may be used. The solid solution of the 
compound of Element M and the compound of Element N and a trivalent manganese compound may be 
used, and the solid solution containing trivalent manganese compounds, the compounds of Element M, 
and all the compounds of Element N may be used. 

[0032] In the 1st process of the above, if the lithium manganese multiple oxide constituent finally made 
into the purpose is given as a lithium compound, especially, it will not be limited and inorganic lithium 
salt, such as organic-acid lithiums, such as an acetic-acid lithium and an oxalic acid lithium, and a 
lithium hydroxide, a lithium carbonate, a lithium nitrate, will be used. However, as a lithium compound, 
a lithium hydroxide, a lithium carbonate, or a lithium nitrate is preferably used from viewpoints, such as 
a price and operability, especially. 

[0033] Moreover, in the 1st process, if the lithium manganese multiple oxide constituent finally made 
into the purpose is given as a trivalent manganese compound, it will not be limited and a manganese 
dioxide (especially electrolytic manganese dioxide), a manganese sesquioxide, oxy-manganese 
hydroxide, etc. will be used especially, however, a price and acquisition are easy especially — etc. ~ a 
manganese sesquioxide or oxy-manganese hydroxide is preferably used from a viewpoint. 
[0034] The above-mentioned manganese sesquioxide can be obtained by heating manganese 
compounds, such as a manganese dioxide, manganese carbonate, and a manganese sulfate, at the 
temperature of about 600 degrees C - 900 degrees C among atmospheric air or under an oxidizing 
atmosphere as already known well. A commercial manganese sesquioxide can also be used. 
[0035] Generally, although the above-mentioned oxy-manganese hydroxide is expressed with MnOOH, 
it is Mn2 03 and H2 O correctly. That is, although manganese sesquioxide (Mn 203) semantics is 
carried out, in this invention, the water molecule for which oxy-manganese hydroxide generally has 
water of one molecule and which a manganese sesquioxide has may be better than one molecule at least, 
and there may be than one molecule. [ more ] 

[0036] The above-mentioned oxy-manganese hydroxide can already be obtained by various approaches 
as known. For example, after alkali neutralizes the compound which has divalent manganese, such as 
manganese nitrate, a manganese chloride, and a manganese sulfate, it can obtain by oxidizing with 
oxidizers, such as air, oxygen, and a hydrogen peroxide. Moreover, for example, after carbonating the 
water solution of the above-mentioned divalent manganese compound, alkali treatment can be carried 
out and it can obtain also by oxidizing at the end. Commercial oxy-manganese hydroxide can also be - 
used. 

[0037] In manufacture of the lithium manganese multiple oxide particle-like constituent by this 
invention, if the lithium manganese multiple oxide constituent which finally also makes the compound 
of said elements M and N the purpose is giyen, especially, it will not be limited and a proper thing will 
be used. Therefore, chrome oxide, chromium hydroxide, a chromium nitrate, a chromium sulfate, 
chromium acetate, an aluminum hydroxide, an aluminium nitrate, an aluminum sulfate, aluminium 
acetate, etc. can be mentioned as an example of the compound of said element M. 
[0038] As an example of the compound of said element N, moreover, for example, a boric acid, a 
magnesium hydroxide, A magnesium carbonate, a magnesium chloride, magnesium acetate, a silicon 
dioxide, A silicic acid, scandium oxide, a titanium dioxide, hydroxylation titanium, vanadium pentoxide, 
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Ammonium metavanadate, an iron hydroxide, iron nitrate, an iron sulfate, ferric chloride, Cobalt 
hydroxide, a cobalt nitrate, cobalt sulfate, a cobalt chloride, nickel hydroxide, Nickel nitrate, a nickel 
sulfate, a copper nitrate, a copper sulfate, zinc nitrate, a zinc sulfate, An oxidization gallium, an 
oxidization yttrium, a nitric-acid yttrium, a zirconium dioxide, Zirconium nitrate, niobium oxide, 
chlorination niobium, molybdenum oxide, ruthenium chloride. Oxides, such as the tin oxide, tin 
chloride, an antimony chloride, cerium oxide, a cerium nitrate, a nitric-acid praseodymium, a 
neodymium chloride, a chlorination hafnium, a tantalum chloride, a lead sulfate, lead acetate, and a lead 
chloride, a hydroxide, mineral salt, and organic salt can be mentioned. 

[0039] As mentioned above, according to this invention, in the 1st process, a lithium compound, a 
trivalent manganese compound and the compound of Element M, and the compound (the compound of 
two or more elements may be a solid-solution compound among the compounds of these three 
elements.) of Element N are mixed, and mixture is obtained. 

[0040] Therefore, as the 1st mode, a lithium compound, a manganese compound, the compound of 
Element M, and the compound of Element N may be prepared separately, respectively, and you may 
mix. After mixing a trivalent manganese compound and the compound of Element M as the 2nd mode, it 
may consider as the solid solution with means, such as baking, and this may be mixed with a lithium 
compound and the compound of Element N. After mixing a trivalent manganese compound and the 
compound of Element N as the 3rd mode, it may consider as the solid solution with means, such as 
baking, and this may be mixed with a lithium compound and the compound of Element M. As the 4th 
mode, after mixing the compound of Element M, and the compound of Element N, it may consider as 
the solid solution with means, such as baking, and this may be mixed with a lithium compound and a 
trivalent manganese compound. After mixing a trivalent manganese compound, the compound of 
Element M, and the compound of Element N as the 5th mode, it may consider as the solid solution with 
means, such as baking, and this may be mixed with a lithium compound. 
[0041] according to this invention - such various voice - inside [ like ] - the 5th voice ~ after 
following like and mixing a trivalent manganese compound, the compound of Element M, and the 
compound of Element N, it is desirable to calcinate under atmospheric air, to consider as solid-solution 
oxide, to mix this with a lithium compound, and to obtain mixture. According to this mode, the uniform 
solid-solution oxide of a trivalent manganese atom. Element M, and Element N can be obtained, as such 
a solid-solution oxide ~ for example, 2(Mnl-y-z My Nz) Ob etc. - it can illustrate. It is the value which 
becomes settled with the valence of z and Element N here so that b may make a solid-solution oxide 
neutrality electrically. 

[0042] The approach of obtaining the solid-solution oxide of such a trivalent manganese atom and 
Element M, and Element N Although not limited especially, mix the water solution of the compounds 
(for example, a nitrate, acetate, a hydroxide, etc.) of Element M, and the compounds (for example, a 
nitrate, acetate, a hydroxide, etc.) of Element N with manganese carbonate, and, for example, stirring 
Evaporation to dryness can be carried out, the compound of the above-mentioned element M and the 
compound of Element N can be made to be able to put on the front face of the particle of manganese 
carbonate, and it can obtain by calcinating this in atmospheric air. 

[0043] Moreover, after mixing the particle of manganese carbonate, the compound of Element M, and 
the compound of Element N and making the compound of these elements put on the front face of the 
particle of manganese carbonate as an option, it calcinates at an elevated temperature, and the particle 
which advanced sintering too much can be made and this can be continuously obtained also by 
calcinating again under an oxidizing atmosphere. 

[0044] Thus, after performing the 1st process and obtaining mixture, the lithium manganese multiple 
oxide particle-like constituent by this invention can be obtained by calcinating this mixture under an 
inert gas ambient atmosphere, and performing a lithiation reaction as the 2nd process, 
[0045] According to this invention, in the 2nd process, trivalent manganese calcinates the above- 
mentioned mixture under an inert gas ambient atmosphere so that the valence may not change with 
oxidation or reduction reactions. In the 2nd process, trivalent manganese cannot obtain the lithium 
manganese multiple oxide particle-like constituent by this invention, if the valence changes with 
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oxidization or reduction reactions. 

[0046] As the above-mentioned inert gas, although helium, nitrogen, an argon, etc. are used, nitrogen 
gas is preferably used from an economical viewpoint, for example. However, if the ambient atmosphere 
which does not make change of the valence of the above-mentioned trivalent manganese produce is 
formed, it can use with any inert gas. 

[0047] In the 2nd process, the range of the burning temperature of mixture is 300 to 1000 degrees C, and 
the range of it is 470 to 900 degrees C preferably. A lithiation reaction becomes imperfect when burning 
temperature is lower than 300 degrees C. On the other hand, when burning temperature is higher than 
1000 degrees C, and the primary particle of the multiple oxide particle-like constituent obtained grows 
too much and uses as positive active material of a rechargeable lithium-ion battery, it is difficult to 
obtain the cell which has the property which receipts and payments of the lithium to a positive electrode 
should become difficult, and should be satisfied. 

[0048] In the 2nd process, the crystal phase of the optimum value of burning temperature and a product, 
i.e., a lithium manganese multiple oxide constituent, changes with the permutation element kinds to be 
used. For example, in not using a permutation element, the multiple oxide constituent of a prismatic 
crystal generates in the total -temperature range of 470 to 900 degrees C. When a chromium atom 
permutes some manganese atoms, only the multiple oxide constituent of a tetragonal mold generates, or 
a tetragonal mold and the multiple oxide constituent of a prismatic crystal generate, and the ratio of a 
tetragonal mold becomes higher, so that burning temperature is high. Compared with the case where the 
mixture of a tetragonal mold and the multiple oxide constituent of a prismatic crystal generated, the 
product of a prismatic crystal became a subject in this case, so that burning temperature was high, and a 
chromium atom permutes on the other hand when an aluminum atom permutes some manganese atoms, 
that change is remarkable. 

[0049] The lithium manganese multiple oxide particle-like constituent obtained by doing in this way is 
used for the rechargeable lithium-ion battery by this invention as positive active material. 
[0050] An example of the rechargeable lithium-ion battery using nonaqueous electrolyte (organic 
electrolyte) is shown in drawing 1 . A positive electrode 1 and a negative electrode 2 counter through the 
separator 3 into which nonaqueous electrolyte was infiltrated, and are held in the cell container 4. The 
above-mentioned positive electrode 1 is connected to the lead wire 6 for positive electrodes through the 
positive-electrode charge collector 5. Moreover, it connects with the lead wire 8 for negative electrodes 
through the negative-electrode charge collector 7, and the negative electrode 2 is constituted so that the 
chemical energy produced inside the cell can be taken out from the above-mentioned lead wire 6 and 8 
to the exterior as electrical energy. 

[0051] The lithium manganese multiple oxide parti cle-Uke constituent by this invention blends and 
kneads an electric conduction agent, a binder, a bulking agent, etc. to this, and uses them as a mixture 
(paste), and it applies and sticks this to the positive-electrode charge collector which consists for 
example, of a stainless steel mesh by pressure, it carries out stoving to the bottom of reduced pressure, 
and let it be a positive electrode, however, the need - responding - the above ~ pressing of the mixture 
is carried out to proper configurations, such as disc-like, and it heat-treats under a vacuum if needed, and 
is good also as a positive electrode. 

[0052] In a rechargeable lithium-ion battery, the above-mentioned electric conduction agent will not be 
especially limited, if it is the electronic conduction nature ingredient which does not cause a chemical 
change. Therefore, conductive polymer matter, such as a natural graphite, an artificial graphite, carbon 
black, KETCHIEN black, a carbon fiber, a metal powder, a metal fiber, and polyphenylene, etc. can be 
mentioned as an electric conduction agent. These may be used independentiy and may use two or more 
sorts together, although especially the loadings of an electric conduction agent are not limited - usually 
- the above - in a mixture, it is 1 - 50% of the weight of the range, and is 2 - 30% of the weight of the 
range preferably. 

[0053] The above-mentioned binder is not limited especially, either, for example, can mention starch, 
polyvinyl alcohol, carboxymethyl-cellulose, hydroxypropylcellulose, regenerated-cellulose, diacetyl 
cellulose, polyvinyl chloride, polyvinyl-pyrrolidone, polytetrafluoroethylene, polyvinylidene fluoride. 
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polyethylene, polypropylene, and ethylene-propylene-diene rubber (EPDM), sulfonation EPDM, a 
styrene butadiene rubber, poly butadiene, a fluororubber, polyethylene oxide, etc. These may also be 
used independently and two or more sorts may be used together, although the loadings of a binder are 
not limited especially, either usually - the above - in a mixture, 1 - 50% of the weight of the range is 
desirable, and 2 - 30% of the weight of the range is desirable especially. 

[0054] The above-mentioned bulking agent is blended with a mixture if needed. As a bulking agent, if it 
is the fibrous ingredient which does not cause a chemical change in a rechargeable lithium-ion battery, it 
will not be limited especially but what is known conventionally will be used suitably. Therefore, 
polyolefm resin fiber, such as polypropylene resin and polyethylene resin, a glass fiber, a carbon fiber, 
etc. can be mentioned as such a bulking agent, although the loadings of a bulking agent are not what is 
limited especially, either - usually - the above ~ in a mixture, it is 0 - 30% of the weight of the range. 
[0055] In the rechargeable lithium-ion battery by this invention, although it is not especially limited as a 
negative-electrode ingredient if conventionally used for the rechargeable lithium -ion battery, a metal 
lithium, a lithium alloy, and the carbon material that emits [ occlusion and ] a lithium ion are used, for 
example. 

[0056] A positive electrode and a negative electrode are usually formed on a charge collector. Especially 
as this charge collector, although not limited, stainless steel, its mesh, etc. are usually used. 
[0057] Moreover, although nonaqueous electrolyte is known conventionally, as long as any are 
sufficient as it For example, ethylene carbonate (EC), propylene carbonate, Carbonate, such as dimethyl 
carbonate (DMC) and diethyl carbonate Sulfolanes, lactone, 1, 2-dimethoxyethane, 1, 2-diethoxy ethane, 
That in which dissociative lithium salt, such as lithium perchlorate (LiC104) and a hexa 
fluorophosphoric acid lithium (LiPF6), was dissolved can be mentioned into organic solvents, such as 
ether, such as ethoxy methoxy ethane. Although the porous film which consists of poly olefin resin, such 
as polyethylene and polypropylene, is used as a separator, for example, it is not limited to this. 
[0058] The rechargeable lithium-ion battery by this invention can be used suitable for pocket electronic 
equipment, such as a notebook sized personal computer, a cellular phone, and a video movie, and also 
the application as large-sized cells, such as a dc-battery for mobile loading and home auxiliary power, is 
possible for it. 
[0059] 

[Example] Although an example is given to below and this invention is explained to it, this invention is 
not limited at all by these examples. 

[0060] (Preparation of a lithium manganese multiple oxide particle-like constituent) 

109.20g (a globular shape, particle size of 10 micrometers) of example 1 manganese carbonate and 
3.90g (aluminum/(Mn+aluminum) mole ratio = 0.05) of aluminum hydroxides were put into the beaker 
of 500mL capacity, water 250mL was added and stirred to this, it mixed to homogeneity, it was 
distributed, and the slurry was obtained. Stirring, this slurry was heated, evaporation to dryness of the 
moisture was carried out, and it was made to dry with an electric drying machine after that overnight. 
The obtained massive object was ground and the manganese carbonate particle which put the aluminum 
hydroxide on the front face was obtained. Next, the manganese carbonate which put the aluminum 
hydroxide on the front face was put into the crucible made from an alumina in this way, among 
atmospheric air and after calcinating at 1 150 degrees C for 4 hours, it cooled and ground, and further, it 
calcinated at 800 degrees C under the oxygen ambient atmosphere for 10 hours, and the manganic acid 
ghost powder which dissolved aluminum 5 mol % was obtained. It was in agreement with the peak 
pattern of manganese sesquioxide Mn 203 (JCPDS card No.41-1442) as a result of the X diffraction. 
[0061] Next, the 7.75g of the above-mentioned aluminum dissolution manganese sesquioxides and 
4.20g (Li/(Mn+aluminum) mole ratio = LOO) of lithium-hydroxide monohydrates were put into the 
mortar, and it mixed to homogeneity. The lithium manganese multiple oxide particle-like constituent 
(LiMn0.95aluminum 0.05O2) which put this into the crucible made from an alumina, calcinated at 500 
degrees C under nitrogen-gas-atmosphere mind for 15 hours, and permuted five-mol% of manganese 
with aluminum was obtained. The sample mill ground this product for about 20 seconds, and 
condensation of aggregated particles was solved. 
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[0062] 109.20g (a globular shape, particle size of 10 micrometers) of example 2 manganese carbonate, 
and 1 1.46g (Cr/(Mn+Cr) mole ratio = 0.05) of chromium acetate - using - an example 1 - the same - 
carrying out - chromium - five-mol % - the manganese sesquioxide which dissolved was obtained. 
After putting 7.88g of this chromium dissolution manganese sesquioxide, and 4.20g (Li/(Mn+Cr) mole 
ratio = 1.00) of lithium-hydroxide monohydrates into the mortar and mixing to homogeneity, the lithium 
manganese multiple oxide particle-like constituent (LiMn0.95Cr 0.05O2) which calcinated at 500 
degrees C under nitrogen-gas-atmosphere mind for 15 hours, and permuted five-mol% of manganese 
with chromium was obtained. The sample mill ground this product for about 20 seconds, and 
condensation of aggregated particles was solved. 

[0063] 1 1 l,50g (a globular shape, particle size of 10 micrometers) of example 3 manganese carbonate, 
and 6.87g (Cr/(Mn+Cr) mole ratio = 0.03) of chromium acetate ~ using - an example 1 - the same - 
carrying out - chromium - three-mol % - the manganese sesquioxide which dissolved was obtained. 
After putting 7.89g of this chromium dissolution manganese sesquioxide, and 4.20g (Li/(Mn+Cr) mole 
ratio = 1.00) of lithium-hydroxide monohydrates into the mortar and mixing to homogeneity, the lithium 
manganese multiple oxide particle-like constituent (LiMn0.97Cr 0.03O2) which calcinated at 650 
degrees C under the argon gas ambient atmosphere for 15 hours, and permuted three-mol% of 
manganese with chromium was obtained. The sample mill ground this product for about 20 seconds, and 
condensation of aggregated particles was solved. 

[0064] 109.20g (a globular shape, particle size of 10 micrometers) of example 4 manganese carbonate, 
and 1 1.46g (Cr/(Mn+Cr) mole ratio = 0.05) of chromium acetate ~ using ~ an example 1 - the same ~ 
carrying out - chromium ~ five-mol % ~ the manganese sesquioxide which dissolved was obtained. 
After putting 7.88g of this chromium dissolution manganese sesquioxide, and 4.20g (Li/(Mn+Cr) mole 
ratio = 1.00) of lithium-hydroxide monohydrates into the mortar and mixing to homogeneity, the lithium 
manganese multiple oxide particle-like constituent (LiMn0.95Cr 0.05O2) which calcinated at 650 
degrees C under nitrogen-gas-atmosphere mind for 15 hours, and permuted five-mol% of manganese 
with chromium was obtained. The sample mill ground this product for about 20 seconds, and 
condensation of aggregated particles was solved. 

[0065] Thus, the scanning electron microscope photograph of the obtained lithium manganese multiple 
oxide particle-like constituent is shown in drawing 2 , and an X diffraction chart is shown in drawing 3 . 
[0066] 103.46g (a globular shape, particle size of 10 micrometers) of example 5 manganese carbonate, 
and 22.92g (Cr/(Mn-HCr) mole ratio = 0.10) of chromium acetate - using ~ an example 1 - the same ~ 
carrying out ~ chromium - ten-mol % ~ the manganese sesquioxide which dissolved was obtained. 
After putting 7.86g of this chromium dissolution manganese sesquioxide, and 4.20g (Li/(Mn+Cr) mole 
ratio = 1.00) of lithium-hydroxide monohydrates into the mortar and mixing to homogeneity, the lithium 
manganese multiple oxide parti cle-Uke constituent (LiMn0.90Cr 0. 10O2) which calcinated at 650 
degrees C under nitrogen-gas-atmosphere mind for 15 hours, and permuted ten-mol% of manganese 
with chromium was obtained. The sample mill ground this product for about 20 seconds, and 
condensation of aggregated particles was solved. 

[0067] 91.96g (a globular shape, particle size of 10 micrometers) of example 6 manganese carbonate, 
and 45.83g (Cr/(Mn+Cr) mole ratio = 0.20) of chromium acetate ~ using - an example 1 - the same - 
carrying out - chromium - 20-mol % - the manganese sesquioxide which dissolved was obtained. 
After putting 7.84g of this chromium dissolution manganese sesquioxide, and 4.20g (Li/(Mn+Cr) mole 
ratio = 1,00) of lithium-hydroxide monohydrates into the mortar and mixing to homogeneity, the lithium 
manganese multiple oxide particle-like constituent (LiMn0.80Cr 0.20O2) which calcinated at 650 
degrees C under nitrogen-gas-atmosphere mind for 15 hours, and permuted 20-mol% of manganese with 
chromium was obtained. The sample mill ground this product for about 20 seconds, and condensation of 
aggregated particles was solved. 

[0068] 50g (a globular shape, particle size of 10 micrometers) of example 7 manganese carbonate was 
put into the crucible made from an alumina, among atmospheric air and after calcinating for 4 hours and 
cooling at 1 150 degrees C, the obtained massive object was ground, further, it calcinated at 800 degrees 
C under the oxygen ambient atmosphere for 10 hours, and manganese sesquioxide powder was obtained. 
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This 30.00g of manganese sesquioxides and 4.58g of chromium acetate, and 14.78g (Cr/(Mn+Cr) =0.05, 
Li/(Mn+Cr) =1.00) of lithium carbonates were put into the 300mL capacity beaker, water 150mL was 
added and stirred to this, it mixed to homogeneity, it was distributed, and the slurry was obtained. 
[0069] Stirring, this slurry was heated, evaporation to dryness of the moisture was carried out, and it was 
made to dry with an electric drying machine after that overnight. The lithium manganese multiple oxide 
particle-like constituent (LiMn0.95Cr 0.05O2) which ground the obtained massive object with the 
mortar, put into the crucible made from an alumina, calcinated at 800 degrees C under nitrogen-gas- 
atmosphere mind for 1 5 hours, and permuted five-mol% of manganese with chromium was obtained; 
The sample mill ground this product for about 20 seconds, and condensation of aggregated particles was 
solved. 

[0070] The manganese sesquioxide which dissolved chromium 5 mol % and three mol % of iron was 
obtained like the example 1 using 20. Og of 105.75g [ of example 8 manganese carbonate ] (globular 
shape, particle size of 10 micrometers), and chromium-nitrate 9 hydrates, and 12.12g (Cr/(Mn+Cr+Fe) 
=0.05, Fe/(Mn+Cr+Fe) =0.03) of iron nitrate 9 hydrates. After putting this chromium and 7.88g of iron 
dissolution manganese sesquioxides, and 4.20g (Li/(Mn+Cr+Fe) mole ratio = 1,00) of lithium-hydroxide 
monohydrates into the mortar and mixing to homogeneity, the lithium manganese multiple oxide 
particle-like constituent (LiMn0.92Cr0.05Fe 0.03 02) which calcinated at 650 degrees C under nitrogen- 
gas-atmosphere mind for 15 hours, permuted five-mol% of manganese with chromium, and permuted 
three-mol% of manganese with iron was obtained. The sample mill ground this product for about 20 
seconds, and condensation of aggregated particles was solved. 

[0071] The manganese sesquioxide which dissolved chromium 5 mol % and ten mol % of iron was 
obtained like the example 1 using 20.01g of 97.71g [ of example 9 manganese carbonate ] (globular 
shape, particle size of 10 micrometers), and chromium-nitrate 9 hydrates, and 40.40g (Cr/(Mn+Cr+Fe) 
=0.05, Fe/(Mn+Cr+Fe) =0. 10) of iron nitrate 9 hydrates. After putting this chromium and 7.89g of iron 
dissolution manganese sesquioxides, and 4.20g (Li/(Mn+Cr+Fe) mole ratio = 1.00) of lithium -hydroxide 
monohydrates into the mortar and mixing to homogeneity, the lithium manganese multiple oxide 
particle-like constituent (LiMnO.85CrO.05Fe 0.10O2) which calcinated at 650 degrees C under nitrogen- 
gas-atmosphere mind for 15 hours, permuted five-mol% of manganese with chromium, and permuted 
ten-mol% of manganese with iron was obtained. The sample mill ground this product for about 20 
seconds, and condensation of aggregated particles was solved. 

[0072] The manganese sesquioxide which dissolved chromium 5 mol % and 20 mol % of iron was 
obtained like the example 1 using 20.01g of 86.21g [ of example 10 manganese carbonate ] (globular 
shape, particle size of 10 micrometers), and chromium-nitrate 9 hydrates, and 80.80g (Cr/(Mn+Cr+Fe) 
=0.05, Fe/(Mn+Cr+Fe) =0.20) of iron nitrate 9 hydrates. After putting this chromium and 7.90g of iron 
dissolution manganese sesquioxides, and 4.20g (Li/(Mn+Cr+Fe) mole ratio = 1.00) of lithium-hydroxide 
monohydrates into the mortar and mixing to homogeneity, the lithium manganese multiple oxide 
particle-like constituent (LiMnO.75CrO.05Fe 0.20O2) which calcinated at 650 degrees C under nitrogen- 
gas-atmosphere mind for 15 hours, permuted five-mol% of manganese with chromium, and permuted 
20-mol% of manganese with iron was obtained. The sample mill ground this product for about 20 
seconds, and condensation of aggregated particles was solved. 

[0073] The manganese sesquioxide which dissolved chromium 5 mol % and cobalt 3 mol % was 
obtained like the example 1 using 8.43g (Cr/(Mn+Cr+Co) =0.05, Co/(Mn+Cr+Co) =0.03) of 105. 75g 
[ of example 1 1 manganese carbonate ] (globular shape, particle size of 10 micrometers), 11.46g [ of 
chromium acetate ], and cobalt sulfate 7 hydrates. After putting this chromium and 7.89g of cobalt 
dissolution manganese sesquioxides, and 4.20g (Li/(MnH-Cr+Co) mole ratio = 1.00) of lithium- 
hydroxide monohydrates into the mortar and mixing to homogeneity, the lithium manganese multiple 
oxide particle-like constituent (LiMn0.92Cr0.05Co 0.03O1. 985) which calcinated at 650 degrees C 
under nitrogen-gas-atmosphere mind for 15 hours, permuted five-mol% of manganese with chromium, 
and permuted three-mol% of manganese with cobalt was obtained. The sample mill ground this product 
for about 20 seconds, and condensation of aggregated particles was solved. 

[0074] Thus, the X diffraction chart of the obtained multiple oxide particle-like constituent is shown in 
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drawing 3 . 

[0075] 105. 75g (a globular shape, particle size of 25 micrometers) of example 12 manganese carbonate, 
1 1.46g of chromium acetate, and 3 .51g (Cr/(Mn+Cr+V)mole-ratio =0.05, V/(Mn+Cr+V) mole ratio = 
0.03) of ammonium metavanadate were put into the beaker of 500mL capacity, water 250mL was added 
and stirred to this, it mixed to homogeneity, it was distributed, and the slurry was obtained. Stirring, this 
slurry was heated, evaporation to dryness of the moisture was carried out, and it was made to dry with 
an electric drying machine after that overnight. The obtained massive object was ground and the 
manganese carbonate particle which put chromium acetate and ammonium metavanadate on the front 
face was obtained. Next, the manganese carbonate which put chromium acetate and ammonium 
metavanadate on the front face was put into the crucible made from an alumina in this way, among 
atmospheric air and after calcinating at 1075 degrees C for 4 hours, it cooled and ground, and further, it 
calcinated at 800 degrees C under the oxygen ambient atmosphere for 10 hours, and the manganese 
sesquioxide powder which dissolved chromium 5 mol % and vanadium 3 mol % was obtained. 
[0076] After putting this chromium and 7.87g of vanadium dissolution manganese sesquioxides, and 
4.20g (Li/(Mn+Cr-hFe) mole ratio = 1.00) of lithium-hydroxide monohydrates into the mortar and 
mixing to homogeneity, the lithium manganese multiple oxide particle-like constituent 
(LiMn0.92Cr0.05V0.03O2.03) which calcinated at 650 degrees C under nitrogen-gas-atmosphere mind 
for 15 hours, permuted five-mol% of manganese with chromium, and permuted three-mol% of 
manganese by vanadium was obtained. The sample mill ground this product for about 20 seconds, and 
condensation of aggregated particles was solved. 

[0077] The manganese sesquioxide which dissolved chromium 5 mol % and three mol % of copper was 
obtained like the example 1 using 20.01g of 105. 75g [ of example 13 manganese carbonate ] (globular 
shape, particle size of 5 micrometers), and chromium-nitrate 9 hydrates, and 7.49g (Cr/(Mn+Cr+Cu) 
=0.05, Cu/(Mn+Cr+Cu) =0.03) of copper-sulfate 5 hydrates. After putting this chromium and 7.91g of 
copper dissolution manganese sesquioxides, and 4,20g (Li/(Mn+Cr+Cu) mole ratio = 1.00) of lithium- 
hydroxide monohydrates into the mortar and mixing to homogeneity, the lithium manganese multiple 
oxide particle-like constituent (LiMnO.92CrO.05Cu 0.030 1.985) which calcinated at 650 degrees C 
under nitrogen-gas-atmosphere mind for 15 hours, permuted five-mol% of manganese with chromium, 
and permuted three-mol% of manganese with copper was obtained. The sample mill ground this product 
for about 20 seconds, and condensation of aggregated particles was solved. 
[0078] The manganese sesquioxide which dissolved chromium 5 mol % and cerium 3 mol % was 
obtained like the example 1 using 20.01g of 79.98g [ of example 14 electrolytic manganese dioxide ] 
(shape of flake, particle size of 30 micrometers), and chromium-nitrate 9 hydrates, and 13 .03g (Cr/ 
(Mn+Cr+Ce) =0.05, Ce/(Mn+Cr+Ce) =0.03) of cerium-nitrate 6 hydrates. After putting this chromium 
and 8.13g of cerium dissolution manganese sesquioxides, and 6.90g (Li/(Mn-i-Cr+Ce) mole ratio = 1.00) 
of lithium nitrates into the mortar and mixing to homogeneity, the lithium manganese multiple oxide 
particle-like constituent (LiMnO.92CrO.05Ce 0.0302,015) which calcinated at 650 degrees C under 
nitrogen -gas-atmosphere mind for 15 hours, permuted five-mol% of manganese with chromium, and 
permuted three-mol% of manganese with the cerium was obtained. The sample mill ground this product 
for about 20 seconds, and condensation of aggregated particles was solved. 

[0079] The manganese sesquioxide which dissolved chromium 5 mol % and aluminum 3 mol % was 
obtained like the example 1 using 1 1.25g (Cr/(Mn+Cr+aluminum) =0,05, aluminum/ 
(Mn+Cr+aluminum) =0.03) of 105. 75g [ of example 15 manganese carbonate ] (globular shape, particle 
size of 10 micrometers), 2b.01g [ of chromium nitrates ], and aluminium nitrate 9 hydrates. After putting 
this chromium and 7.80g of aluminum dissolution manganese sesquioxides, and 4.20g (Li/ 
(Mn+Cr+aluminum) mole ratio = 1.00) of lithium-hydroxide monohydrates into the mortar and mixing 
to homogeneity, the lithium manganese multiple oxide particle-like constituent 

(LiMn0.92Cr0.05aluminum 0.03O2) which calcinated at 500 degrees C under nitrogen-gas-atmosphere 
mind for 15 hours, permuted five-mol% of manganese with chromium, and permuted three-mol% of 
manganese with aluminum was obtained. The sample mill ground this product for about 20 seconds, and 
condensation of aggregated particles was solved. 
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[0080] example 16 manganese carbonate (a globular shape -) The particle size of 102.3 Ig of 10 
micrometers, 20.01g of chromium nitrates, 12.12g of iron nitrate 6 hydrates, 8.43g Q of cobalt sulfate 7 
hydrates [ Cr/(Mn+Cr+Fe+Co) =0.05 Fe/(Mn+Cr+Fe+Co) =0.03, ] [ Co/] = (Mn+Cr+Fe+Co) The 
manganese sesquioxide which dissolved chromium 5 mol %, three mol % of iron, and cobalt 3 mol % 
was obtained like the example 1 using 0.03. This chromium, iron and 7.89g of cobalt dissolution 
manganese sesqui oxides, and 4.20g (Li/(Mn+Cr'fFe+Co) mole ratio = 1.00) of lithium-hydroxide 
monohydrates are put into a mortar. After mixing to homogeneity, calcinate at 500 degrees C under 
nitrogen-gas-atmosphere mind for 1 5 hours, and chromium permutes five-mol% of manganese. The 
lithium manganese multiple oxide particle-like constituent (LiMnO.89CrO.05FeO.03Co 0.03O1.985) 
which permuted three-mol% of manganese with iron, and permuted three-mol% of manganese with 
cobalt was obtained. The sample mill ground this product for about 20 seconds, and condensation of 
aggregated particles was solved. 

[0081] The manganese sesquioxide which dissolved chromium 5 mol % was obtained like the example 1 
using 109.20g (a globular shape, particle size of 10 micrometers) of example 17 manganese carbonate, 
and 1 1.46g (Cr/(Mn+Cr) =0.05) of chromium acetate. After putting 7.88g of this chromium dissolution 
manganese sesquioxide, and 4.4 Ig (Li/(Mn+Cr) mole ratio = 1,05) of lithium-hydroxide monohydrates 
into the mortar and mixing to homogeneity, the lithium manganese multiple oxide particle-like 
constituent (Lil.05MnO.95Cr 0.05O2.025) which calcinated at 650 degrees C under nitrogen-gas- 
atmosphere mind for 15 hours, and permuted five-mol% of manganese with chromium was obtained. 
The sample mill ground this product for about 20 seconds, and condensation of aggregated particles was 
solved. 

[0082] The manganese sesquioxide which dissolved chromium 5 mol % was obtained like the example 1 
using 109.20g (a globular shape, particle size of 10 micrometers) of example 18 manganese carbonate, 
and 1 1.46g (Cr/(Mn+Cr) =0.05) of chromium acetate. After putting 7.88g of this chromium dissolution 
manganese sesquioxide, and 3,99g (Li/(Mn+Cr) mole ratio = 0.95) of lithium-hydroxide monohydrates 
into the mortar and mixing to homogeneity, the lithium manganese multiple oxide particle-like 
constituent (Li0.95Mn0.95Cr 0.050 1.975) which calcinated at 650 degrees C under nitrogen-gas- 
atmosphere mind for 15 hours, and permuted five-mol% of manganese with chromium was obtained. 
The sample mill ground this product for about 20 seconds, and condensation of aggregated particles was 
solved. 

[0083] 1 14.95g (a globular shape, particle size of 10 micrometers) of example of comparison 1 
manganese carbonate was put into the crucible made from an alumina, among atmospheric air and after 
calcinating for 4 hours and cooling at 1 150 degrees C, the obtained massive object was ground, further, 
it calcinated at 800 degrees C under the oxygen ambient atmosphere for 10 hours, and manganese 
sesquioxide powder was obtained. After putting 7.89g of this manganese sesquioxide, and 4.20g (Li/Mn 
mole ratio = 1.00) of lithium-hydroxide monohydrates into the mortar and mixing to homogeneity, it 
calcinated at 500 degrees C under nitrogen-gas-atmosphere mind for 15 hours, and the lithium 
manganese multiple oxide particle-like constituent (LiMn02) was obtained. The sample mill ground this 
product for about 20 seconds, and condensation of aggregated particles was solved. 
[0084] 1 14.95g (a globular shape, particle size of 10 micrometers) of example of comparison 2 
manganese carbonate — the crucible made from an alumina - putting in ~ the inside of atmospheric air, 
and 1 150degree-Cdegree C — after calcinating for 4 hours and cooling, the massive object was ground, 
further, it calcinated at 800 degrees C under the oxygen ambient atmosphere for 10 hours, and 
manganese sesquioxide powder was obtained. After putting 7.89g of this manganese sesquioxide, and 
4.20g (Li/Mn mole ratio = 1.00) of lithium-hydroxide monohydrates into the mortar and mixing to 
homogeneity, it calcinated at 650 degrees C under nitrogen-gas-atmosphere mind for 15 hours, and the 
lithium manganese multiple oxide particle^ike constituent (LiMn02) was obtained. The sample mill 
ground this product for about 20 seconds, and condensation of aggregated particles was solved. Thus, 
the X diffraction chart of the obtained particle-like constituent is shown in drawin g 3 . 
[0085] The manganese sesquioxide which dissolved cobalt 3 mol % was obtained like the example 1 
using 8.43g (Co/(Mn+Co) mole ratio = 0.03) of 1 1 1.50g [ of example of comparison 3 manganese 
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carbonate ] (globular shape, particle size of 10 micrometers), and cobalt sulfate 7 hydrates. After putting 
7.91g of this cobalt dissolution manganese sesquioxide, and 4.20g (Li/(Mn+Co) mole ratio = 1.00) of 
lithium-hydroxide monohydrates into the mortar and mixing to homogeneity, the lithium manganese 
multiple oxide particle-Uke constituent (LiMn0.97Co 0.03O1.985) which calcinated at 650 degrees C 
under nitrogen-gas-atmosphere mind for 15 hours, and permuted three-mol% of manganese with cobalt 
was obtained. The sample mill ground this product for about 20 seconds, and condensation of 
aggregated particles was solved. 

[0086] The manganese sesquioxide which dissolved three mol % of iron was obtained like the example 
1 using 1 1 L50g (a globular shape, particle size of 10 micrometers) of example of comparison 4 
manganese carbonate, and 12.12g (Fe/(Mn+Fe) mole ratio = 0.03) of iron nitrate 9 hydrates. After 
putting 7.90g of this iron dissolution manganese sesquioxide, and 4.20g (Li/(Mn+Fe) mole ratio = 1.00) 
of lithium-hydroxide monohydrates into the mortar and mixing to homogeneity, the lithium manganese 
multiple oxide particle-like constituent (LiMn0.97Fe 0.03O2) which calcinated at 650 degrees C under 
nitrogen-gas-atmosphere mind for 15 hours, and permuted three-mol% of manganese by Fe was 
obtained. The sample mill ground this product for about 20 seconds, and condensation of aggregated 
particles was solved. 

[0087] (Evaluation of the crystal phase of a lithium manganese multiple oxide particle-like constituent, 
an intensity ratio R, tap density, specific surface area, and a SEM mean diameter) About each of the 
Hthium manganese multiple oxide obtained in the above-mentioned examples 1-18 and the examples 1-4 
of a comparison, the amount of permutations, lithium stoichiometry, and burning temperature of the 
manganese by the permutation element kind and it in a multiple oxide are shown in Table 1. Moreover, 
the crystal phase according to an X diffraction about each of the lithium manganese multiple oxide 
obtained in the above-mentioned examples 1-18 and the examples 1-4 of a comparison, an intensity ratio 
R (I (prismatic crystal)/! (tetragonal mold), tap density, specific surface area, and SEM mean particle 
diameter are shown in Table 2.) 

[0088] The crystal phase was identified using powder X-ray diffractometer (RAD[ by Rigaku Corp. ] 
2C, target CuKalpha). Intensity ratio R (in the X diffraction, it asked for I (prismatic crystal)/! 
(tetragonal mold) from the ratio of the reinforcement of the field (101) of Li2 Mn 204 (JCPDS card 
No.38-0299) of the reinforcement / tetragonal mold of the field (010) of LiMn02 (JCPDS card No.35- 
0749) of a prismatic crystal.) 
[0089] 
[Table 1] 
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[0091] (Preparation of a rechargeable lithium -ion battery and evaluation of the property) 
Using each of the lithium manganese multiple oxide particle-like constituent obtained in the example 19 
above-mentioned examples 4 and 1 1 and the example 2 of a comparison as positive active material of a 
rechargeable lithium-ion battery, the rechargeable lithium-ion battery for a trial was prepared, and the 
cell property was evaluated. 

[0092] The rechargeable lithium-ion battery for a trial was prepared as follows. That is, 
polytetrafluoroethylene (binder) was mixed with each active material and acetylene black (electric 
conduction agent) to homogeneity with the mortar. With a pressurization press, this was made into the 
diameter of 16mm mold omission, carried out the vacuum drying to it, and it considered as the positive 
electrode. A positive electrode, a separator (polypropylene film production, trade name Celgard) and the 
lithium foil of negative-electrode material, and the liquid that dissolved the lithium perchlorate (LiC104) 
of 1 M concentration in EC/DMC (1 : 1) as electrolytic solutions were enclosed with the sealing 
pressurization mold eel, and the cell for charge and discharge tests was prepared. 
[0093] Thus, the charge and discharge test was performed about each prepared cell. Current density 0.2 
mA/cm2 and cut-off voltage set charge-and-discharge conditions to upper limit 4.3 V- minimum 2.0V. 
[0094] The initial discharge capacity of a cell is shown in drawing 4 . As for the cell which used the 
multiple oxide by the example 4 (chromium permutation) and the example 1 1 (chromium and cobalt 
permutation) as positive active material, the initial discharge capacity is improved sharply. 
[0095] Transition of the discharge capacity accompanying a charge-and-discharge cycle is shown in 
drawing 5 . According to the cell using the particle-like constituent obtained in said example 4 and 
example 1 1 as positive active material, a high discharge capacity which hardly changes to initial 
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capacity in 30 cycles is held. 

[0096] Thus, the lithium manganese multiple oxide particle-like constituent by this invention has the 
property which was excellent as positive active material for rechargeable lithiiim-ion batteries. 
[0097] 

[Effect of the Invention] As mentioned above, the lithium manganese multiple oxide particle-like 

constituent by this invention is expressed with said general formula (I), consists of a multiple oxide 
whose crystal system is a tetragonal mold, or consists of mixture of the multiple oxide whose crystal 
system is a tetragonal mold, and the multiple oxide whose crystal system is a prismatic crystal, and the 
intensity ratio R defined by I (prismatic crystal)/I (tetragonal mold) in an X diffraction is in the range of 
0-0.3. In this way, when it uses as positive active material of a rechargeable lithium-ion battery, such a 
lithium manganese multiple oxide particle-like constituent has a high energy consistency, and its charge- 
and-discharge capacity is high, and, moreover, it can give the lithium manganese multiple oxide 
particle-like constituent which is excellent in a cycle property. 

[Translation done] 
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j^^:ty-<!^m<DjEm^^b Lxm^-^tim^iz. m 
mt,z§^m<Dm.%R^m o mtz b ^'x-^ ^rv ^n^tim 
itmmti^.om^ /%^mx.hb%\i. o 

[0025] ifc. *S&WcJ:S ';f-!7Avy;;S'y1S-& 
l§^L!^i^ttm«4. y . 4-2. 4 g/c 

c<7)aeH(c$>^c:t*>'#tH'\ ZZlz^ :^WMiziiu 

X. i^"/y'^^&bii. 5 0inL^fic7);<XvDy/-tC 
m& 1 0 gSKL, *^a-o^a^:««dA^t:5 
Omm<OS$*»A>SEt5O0?IT$it>ta, fy 

^moswv ( c c ) m^i. -eot #0 1 o/v 
( g/c c ) ofi^jg-r. 

[0 026-] v^^j^^^yffym^mtm^wmm 
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mz. *»H«tJ;ix{4\ ^vT^JSJi. 1.6~2.2g/ 
c c(7)iliiItcJ>^::i:*W^ Ll\ 

[00 2 7] t^miziiiUf'^J^'^y^ym-^ 

mmm'f-m^mi, sem (^s^nt^peitti^ 

^z$) I, i J^*W«-C'* set I 

2 0 0 (i£7)&^ flc7)^%€f* ^ . 

[ 0 0 2 8 ] y ^^j^'^y:ffyi^-^mitm.'f^mm 

iOS^ g*< 2 ;u m i 0 1 4^ § V ^ # ti . ^ 7°S?jKiOi£ 

^^•^sfcm***^. 'mt.z. immzxtm. uf"? 
Avy;<f>a-^g?{l:^iili^««M4^fns: 2~5 

0«mcOKia*WiL< , ^A^T't. 2-3 0//mi^K 
[ 0 0 2 9 1 ^fc . *^BH{CfcH>T . te^«fflfiKift<7)je 

[0030] ±aiL/iJ: 0^*^Bfl^cJ; s "J^i^Avy 
*>a^S€tlf4^m«tm, ^ 1 XS t L t , 'J ^ 

hTcSNco-ft-^fi!) (v:ii^>-7y«'ytMtNO3oi07t; 
«c^'fb^tt<^3*>. 2-:)t)Lh<7)7^c7Hk^*^?§fr-ft; 

T% ^2lSi:L-(:. C<^?g-^!feSr^vg14*'X#ll^T 
T-Mfi£LT, I?i5^ ( I ) T'«i>$ixSU^'>A-7y;>y 

[003 1 1 *5gB^tcj:^i(f, miistcfcv^r. 

n^A^b-^fc. 3tti0v>';^'>'-(b-^:^i:7iSM£0-fl:-^!fe 
2 '?J,:i±£^x*o-fl:^!B!i*'=lil?m-ft-&ttT-S) o T i; J: 

-fk^tijfcLT, ^ixmco-(t;^^*i^ffli'^Ti,J;<, 3ii 
CO V y ^yy-fb-^tJ) t Tc^M to-fk^itti t t tc^n 

< , 7cSMiO-fl:-g-!f^!)fc7cSNCO-(t-^!|l()i7)lil?S{#t 30(7) 
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[0032] ±fEII 1 imzii\yX . U f-'^Ait-mt 

LXii. mm'^izEmtth 'J-f^A-ey;)?- ya-^K-fb 

10 ^tixii. m-it'Ji^yA. mui-'^Axiim 

[00 33] tfc. mixmuti^^^x. 3a(7^-?y:^'y 
-fb-^ijfc LTti. &mzmti-i>uf-'yA-7y0y 
9.-^mmmm^thi,c7)xhini. mz, m^^ 
tiihcox'ii^j:<. mm. ZM'^^yfjy (Itt::, m 
mzjm.'^yi^y) . ^mk.-^yay. :t^i^*K^b. 

^i^7m.iv^yfiyiimt.L<m^-^t,tvh. 

20 [0034] ±ieHZMbV y;<f y\t.mz. J: < 
ixTv^sidC, ZSt-ftvyT^y, ^S?vy;yy. m 
V y;y y^:7)v y^y y'^k^^^^::>;^■^X{l^^btt#fflm 
T, *«J6 0 0°C-9 0 0*Cc7)gJgTDD«i-r.g. ^ t C J; o 

xmhz>Lti^x%h. ^wr)-^wkr7yiiykn<^h 

zhhx:%h, 

[00351 ±12:^^ wKK-fb-^y^yJi;, ~mz\t. 

IVInOOHt:-^*)§tl-&*i. EilWi, Mn2 03 ■ H 

l^^TcO;)<l:*1-|,ZZSSfbvy;^'y (Mn2 Os )S 
30 ift-tl>A^\ L*^L. ■i^%mzii\^X. E3^[-fbvyX/> 

%l-X^^<X%,i.\^. 

[0036] ±IBJt^'>7j<i?-fk;v y^y{i. etCs 

xtf , mk-^yiiy. my.-^y-^y. ^■^yi^ym(r> 
2mco^y:^'y^^-ti^t^m^7)i'^ vx'<=^mifz 
sm, mm. m^t^Hm^mimxmit-rizt 
i,zxyi%i>ztti^x'^?>. ttc. mni[. ±a2fii«ov 
y:ffy^t^^<^mm^m^tLf::m. rivij umh 

. ^1., •rfiiR<?)3r^>-*ii^tvyxfy«rffl\-^sci:t,r# 

[0037] *^BJ(c J: I. y ^-^Avy^'yli^MLii) 

WWCSft^Jt-r^Uf-'^Avyj^fy^s^ffi-fbftffi 

OA, i^e^DA, iiSK^DA, g^gS^'DA. 7KK-fl:T 

50 yi'5-'>A, «7/Pi-'>A. «isry^5-'^A, 
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C 0 0 3 8 ] , ByieSSNcO-fb^tijcO^aftfi^lli: L 

miti-^y. Emt^-^i-i^^yu^. ^^^-^-f-i^ymry^ 
-^j^. mmsk; mssi. mm. Am^t^ 

:g-fl:3Ayl/h , 

ymit-^y^ii. «i? 

mm. imm. mm^. mt^^j^M.. m-it lo 

■i -yh'J -^A, 5^K-f ••/ h y -^A. i!€v;l'3::.'>A. 

mit-y^y\ Jg-ft-^r. K^k^yy 
r'y, t5-ft/i-f-'!7A. mitxx, ^-fux, Jg-fbry 
K^t-fey-^A. iBss-fey^A. ^Kr^-t^tv 
A, ^•fb^^:tv-'A, ^-fL^N7-'>A, i&it^y^/u. m 

[0039] mia5L/:;J; *||Bfl(c iiiH", mil 

[004 0] i^oT, yf-'^A-fL-^ . 

iO.fiJttt LT. 3fi(?)vy;iry-(t:-&1ti:7c»NC0ft-^tl 

')i'^Mt-^t3m<^'7y:ffy-n:^tm^Lzhi: 

[0041 ] :^WMI>ZXtHf. Z<7)X 0 tcM^ <r)mm.<r) 

^:*»t:'t. w-^cnrnw-zt^-^x. 3m<^-7y:^y\\L-^'>!!Ji 4o 

r\z^WL Lx . mmm^'{m t l , iii ^ y i-^Mt-^ 

\,zxix\i. 3mn'^yt'ym.=f-b7iMMt7zMVit(r)^ 
-^j:mmmkmmt z b ^x-^h, zcox -) ^r®}§ 
im^imibLx. mm. (ivini-,-j m, Nz)zOi 
mm\7nti:ibi3^v^i. zziz. bi,i. m^mm^t 
v^immz'pmz-t?>xnz. zs.x/ymN<r>mii>z 
Xr'X^t^mx'h^. 

[00421 Z<DX 0^j:3m(^-?y:^y^.'f-byimMb 50 



?tBS200 1-1 22 6 28 
1 0 

7mNb(ommi¥m'itm'i%iijmi. mz^m-snh 

wim. mm. TKK-fkti^) bitmNcrHt^m mt 
it. imtM.. mm^. m^mm) <7)mmim-?y 
^ybis^-^L. mnL^j:i^h. mmmix. m-^y 
^'ym^mmiz±ti7mM(r)it^^ b tcsn co-it-^ 

Ztiii^'PX'mfS.thZb^zii'oXn 
lZb¥X-H. 

[ 0 0 4 3 ] sfc. mmmb Lx. mm. m-^y 
^ym.'fb7tmM<oit-mb7tmi^coit^mb 5rS-& 
Lx. ^m-?y:^'ymi'f-<^mmi>zzix^7im(oit-^ 
m^^-tfz^k. »^X'm^ix. miim^zmt^ti 
imm. mi'fx. zixmitmm^Txn&. m 

[0044] L(r>x')\,zLx. miig^fif^oT, m. 

:^nms\TX'<m.Lx . v i-^A^\:Rmn^ ozuz 
x-ox. :^mizx § y ^-^ y^yu-^mmw'f 
m.fm^%izb^)^X'^h. 

[0045] *^^(3j:iUf. ^2IS^^t^V^T. 3« 

y:^'ytnxiim7LKmi;z i -yx^comm^it 
uj\-^xdiz. ±tm^i:T^^mx9mK¥X'ms. 
■th. m2JMi.zi5\^x . 3m<^'^yt'yt^m-{\LXim 
TcR/Ecj: -yx^ffimmmtttiii. ^%mz^ i v 

i^^A'7y:^yn-^mMimmMimi Zbifx: 

[0046] ±IE^vStt;ifX b LT«i. mUi. ^'J 

A. mm. TJVdymtm^^htihiiK w^m^.t-i= 

yiiy(mWi^VC'k^'tLib-^j:\^msm:f&^~f^ t 
[0047] m2Xg^cfc^^•C. ^-^tSjcO^^jfiSJi. 

3oo'a}^t:>\ooo'c<7)^mx'h*).ntL<i,t. a 

10'Cf)^i^9 0 O'CcDiEHT-J)!. . Mfi)t?Sg*^'3 0 O'C 
Xnhm^^b^i.i. ')^^M^mti^T-%±bti:h, - 
-n. «aJK*nooo-CJ:OtiSv^t^(i. 

ic. IEffi^coyf-'>AiOtUAO*»i:^r'^T. SU^f 

'<^%m.^mhmf^'i^h z b mmx-h h . 

[0048] m2ISti5U-C, M)S?g«cOSjaffiJ:^ 

fiKiii, fip^, ')^^M.^y:^ym-^mmm.mM<Dmik 
mt. m^^immmwizii'iX^it-fi. mm. a 

^SS:fflV'.^V>;^-^(C(i. 4 7 0'C*»^ 9 0 0'C<r>± 

i^'m^zii\^xm^B<r)^-^mmi^m!ii)^±m- 
I. ^y:^'yw.=f-<n-'^^9'uA^.=f-X'mmuz^^{z 

imnm.bm^^M^mm^mt^^'s&.L. m. 
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[0049] *i6B^ic J; I, y f-f^A-Y ^ yz.<x®te{s. 
c:co J: -5 (c LTff zaitS 'J ^'^/<'vy;iyy:S^iHliti«4 

[0050] ^^7KSM« (*iim»«) Srfflt^l. 'J 

A-f * yz:<mm<r>-mm i ♦ ese 1 1 ft® 2 10 

LTS?ffi§S4l*l(ciR^$ii-Cfe'). ±ieiEflill±iEfii 
5 S-^ LTiEffiffl 'J - KI^G (cg^SilTfc 0 . 

\iiLmxo\zm^^tix\^h. 

[0051 ] i^mmX h U w^va^ittt 
^V. imLX'^m (^-X h) t L. . fi^Jx. 20 

[0052] ±ie^t!Ki]{±. 'J f-^i.^ 

»tL<fi, 2-3 0fiS%c7)IEHT-*l,. 

[0053] ±iBtt^^!ii,. mzmm-^ivf. mt\i. 

•vitt'-^jfy. :KUxf-uy. ^rurotvy, x-?- 

u-y-TDtuy-i/xyrfA (epdm) , X7i/*y 
-(bEPDM, ;^-f-i/y-y^'i^'xy:fA, ;K'j:/^>''x 
y, 7<y§g:fA, dfJXf-UyTrdr-^-^f H^fr^ff-S^ 

^ri^*^ ji^, ±is^^ijtcfcv%-c, i'-5oaa%(7)ii 

ffl*«fftL<. ItK:. 2-3 Oftl%coasffl*«$fl; L 

[0054] iMi^mma. ^^^s^^Jet•c. -^^pjice^ 50 



1^^200 1-1 22628 
1 2 

<.^T. ^t^^itmz^^j:\^immnx'hin£. mz 

m^^tvf. fi^i:*)mhixx\'^?,i>m<mmzm^f= 

til. m-yx. zcojio^^y^mmttx. mm. 
r D e w y gjji , *f y xf- p ym^^<^^ 'J^uy^y 

[0055] :^^mzXh y f-f A>f :ty~(X«ftttC*J 

T'Ji^cv^Av i5iii.{±\ ^syf-^A. yf->A-^. y 
[0056] iEffiavmsti. jiffi, mm»±izm^$ 

ixh. Zcr)Mm.i*^tlXli. mz. m^^iihi>m't.i 

[00 57] ifc. #*J:0*af>ixTO 
i.t<50t'$)ii«\, vi-ftL-ctJiv^*^ mm. xf-uy 

(EC) . 7*0 tV y^ --"K:^— h . i/^ 

^;l^7>---K;t^-h (DMC) vXf->L'^r-;tt>-b^ 

<OioKi::^~^^^-hm. XfUii-^^ym. yi'l-ym. 
1. 2-y'^ hdf3^x:?y, 1, 2-^'xh.=Jfyx:?y, x 
fdf v-x^j'yspcrjj; ^^x-f-;Ha^0^j§ 
JK4'tc5am«^y^'>A ( L i c 1 04 ) ^>\df-t7;P 
:tnyyKyf-'^A (Li PFe ) ^OfilStttyf-'^A 

i§mmm^^fch(r>imfizti)<x'%i. -^j-^u- 
i^bLxii. mm. ^ryxti^y^^yrDtixy^ 

[0058] *3%H^(c 1 & y t'^A-'f yz<?:«?t(i, 
tixcommh'^mvhi. 

[0059] 

v\ 

[0 06 0] (^j^^j^^^yifym^wtmim^mis. 
mmmi 

mt^yii'y (n^. Sts i o /< m ) 1 09. 2 o g t?^ 

m{tT)Vl~'^M3.9 0s (A 1 / (Mn+A 1 ) t/U 
it=0. 05)t$r500m L^fi<7)h'-;*-t;An. Z 
ixtC7K2 5 0mLSrjD;tTjStfL; *gic$ 
-itT, Xy^)-i%tz, mnL^j:ti^h. ZcOXyV-^ 
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1 3 

1 1 5 o'cv4^mms.Lfdk. }^MiL. mi. w 
i:, mm'm%T. soo-ct'iob^Pbi^lt. 7/^ 

xmEiift^m^. HZK-fLv y:/fyM n 2 O3 ( J C P 
D S;if- KN o . 4 1-14 4 2) <7)l:^-:J'VN*:J'->tC 
-^L>t. 10 

(00 6 1 ] ;^(c, ±mTji'i=.'yj^mmE.-mit-?y 

i^yi. 7 5 g i:*®!'(L'J^'>A-7m^4. 2 0 g ( L i 
/ (Mn + A 1 ) ^;l'Jt=1.0 0) i:&?lit:tCAiX. 

tlS^^^iffl^sill (LiMno.95Alo.06O2 ) 

[00 6 2] ilSS^J2 20 

ligl O/xm) 1 09. 20gJ:i^ 
Sg:7ai.ll.4 6 s (Cr/ (Mn + Cr) ^;l^it=0. 
0 5) tSrfflv^T, MfepiJl tliStcLT, ^'aASrS 

"^ivx^Lfi^zmc^yay^Wi.. c:c7)^aAii 
?§Hi:i?ft-7y;«f'>'7. 8 8 g t^K^ty "^-o^^-mm 

4.20s (Li / (Mn + Cr) ^:;kit=l. 00) 5rlL 
m::An, l^-tfl-^L/i^, Ms^lflimT. 5 0 0'C 
t-1 BB^ra^^tr. ~?yiiy(r>3^)V%'k9'oi.'cm. 

m.tz 'i^^i^-^yiiym.-^wmt'fwmM ( l i 

Mno.95Cro.05O2 ,) Sr4#>t. zcr>±mMi:^yrfi' 30 
[00 6 3] HSfeg^lS 

m'?y:^y (mt.miOMm) in. 50gt@^ 

^:?aA6.8 7g ( C r/ ( M n + C r ) ^:;Ht=0. 0 
3) t^ffli^T. fclslMcLT. :?oA$r3^ 

/^%BI?§ IfzE-Zm-it-^ yii yWz, c: O o ASlJi 
HZi?-fbvy;yy7. 8 9 s t *K-fty ^-^A-Tkft^. 

20g (Li / (Mn + Cr) t/PJt=1.0 0) t $-?L 
6 5 0*CT1 5^^;I^LT. vy;«fy<?)3^:;l'%5:7 
tl (L i Mno.97C ro.03 02 ) S'tt^'c. rc^4lS%$- 

1^yr;^ s )vxm 2 0 tt ^ [rI± wjg 
[0064] %m\A 

mc^yiiy m^.%m.\<:iui^) 109. 20gi:p 

i!^'0A11.4 6g (Cr/ (Mn + Cr) ^:;l'it=0. 

05) fc^ffll^r. Il»)l fcPl^tcLT. ^aA5:5 

'^)V%w^\^r:L^zmc^yiiy^w^> ^o^'oah 50 
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m'E--rjmr?y:^yi. s 8 g tTK^-fty A-^sa 

4. 20g (Li/(Mn + Cr) ^:/l'Jt=l. 0 0 ) tS: 
ILH^tcAix. ^-^zm.-^UzMt. g^#BI5^T. 6 50 
'CT-i 5B#ra1^^LT. -7yiiy(r)5^)V%^'7uhr(: 
mm^tz U ^'>Avy*-y:g-^i?-fM¥4^ffl)Sif«5 ( L 
iMno.95Cro.05O2 ) tWcL. c:<7)^!t?!iS:-*fyr 

[006 5] ;<7)J:3(3L.t#'^n/;:U^f Avy;<?> 
[006 6] HSfefiJS 

m^-^yfjy m.. mfiioAfm) 103.4 6 gi:S^ 

®^'aA22.9 2g (Or/ (Mn + Cr ) t;l'it=0. 

10) t^fflv^T. »feMlt^«tLT- ^nA2:l 

^=^)v%mm\.f:L^zM\\r^y^y^:W^> .ico^oa 

y;^^ y?. 8 6 g t ;d<i!^b y A-*|P 

!fi54.20g (Li/ (Mn+Cr) ^:;l.J:t= L 0 0 ) t 

o°CTi 5B^F^^U'C. ^yijycniQ^iWo^^n 
A-rm L-t y A V y;if y^-&Bj{ktifii^«s«!B5 

(LiMno.9oCro.i(i02 )^Wz, :i<r>^W!i'^-^ 
y7Vk5;Ut'*^2 0#H15)»LX, Z<Kif4^^±Oig* 

[0 06 7] ^S6M6 

«Kvy;!/-y (gRtt, aSlO/^m) 91.9 6gt»iS 
^'OA45. 83g (C r/ (Mn+Cr) ^:7Pifc=0. 2 
0) tSrffiot, mmitWm,z\^X. ?oA$r20 

^/i-^H^L/cH-K^b-^y^'y^^tit, citfo^'DAiii 
■;SHz:^-(b-7yx^y7. 8 4s t^mw) A-*«!t*) 

4. 20g (Li / (Mn + Cr) ^:;Ht=1.00) tSr 

ILmcAii. ifel-ti^t-^L^cf*. g«#lI«T, 6 50 
"CT 1 5 B#|l^(£ LT , V y y CO 2 0 2: ^ o A 

T-sjt L/i y A-7 yi^y^-m\\mL=i--mmh 

(LiMno.80Cro.20O2 ) ^'\^tz. rc04JSft$-9- 
y T;^ $ 2 0 "^mm tx . -<m'irW\±n'm: 

[0 0 6 8] mmmi 

jKKvy;)yy (^«, fmiOum) SOgS-r/L-S-^ 
S^TOlcAii. :*c^4'. 1 1 5 0-CT'4ii#r^«B^L. <^ 

T, 8oo°cri OB#ra«ffeLT, Ezmit'?y:ffyr^ 
^nt:. zcr)Ezmit'7y:^y3Q.oostmM'^uM. 

4. 58gi:myf-'>A14.78g (Cr/ (Mn + C 
r ) =0.0 5. L i / (Mn+C r ) =1.0 0) fcSr3 
0 0mL^4fc:'-;>J?-tAfl, CliltTKl 5 OmLf 1)D 
X.?M#L. ^fC^-tirt. 

[0069] M#L^A^%. .r<?)X7y-S:Kt. 7K 
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izxti . mmnm^T. aoo 'ct 1 5 mrsm. l -c . 

y^-^WkmtfAmmi\ ( l i m no. 95 c r 

0. 0602 ) :i(n^^^^yT)V\)Vxm2(i 

c 0 0 7 0 ] mms 

^•^VHy {Wk. SSI O/im) 1 05. 7 5 g 
K;?D2>:M<W:Hg20.Ogi:iSKitMcfDlll2. 1 2g 
(Cr/(Mn + Cr + Fe)=0.05. Fe/(Mn 
+ Cr +Fe ) =0. 03) t^rffll^T, |IM^)lt|5|« 
(cur, ^'oA5^yL'%i|^3^;l'%$rll?iUcZZK 

/ (Mn + Cr + Fe) ^>'l'ib=l. 0 0 ) J:S-?l#tcA 
tl. m-lZU^Ltzm. g«#ffl^T, 6 5 0'Ct'15 

-^KfbM^^^fMit^ ( L i M no. 92C r D. 06 F e 0. 03 

mix. z.<xn'Fm±c^mmm^^tz. 
[007 1] mmm9 

m&'7y:^y (m^. ^mioum) 97. Tisti^ 

9 n 2 0. 0 1 g t mmMiWaAO. 4 0 g 
(Cr/(Mn + Cr + Fe) =0.05. Fe/(Mn 
H-Cr + Fe ) =0. 1 0) tim^^X. UMI^II 1 1 lUtt 

mt-? yi]y^%tz . ^ (r>9 uK-m^wM^zM\t'^ 
yiiyi. 8 9 g t im.\\L 'J i-^y^.-Trnm. 2 0 g ( L 
i/ (Mn + Cr+Fe) ^jUtt=\.0 0) tSrfLi^tC 

AtL. *^-*c?i^Uv:f^. mmms^T. eso-cr-i 

L, -7y/fycr,l 0^:;^%2rg^T'g^L^t';f•'t7Avy 
yffi^M-fk^Jufii^ttfflJtl) ( L i M n 0. 85 C r 0 . 05 F 

eo.ioOz ) ^ntz. ZCD^im^-^yy'Jl'iJ\^X'^2 

0 Lx . -MiL^m±<r>mmi ^tz . 
[oo7 2]mmmio 

m-7y:ffy (««> ©SlOyum) 86.2 1gi:«i! 
^'oi.:fL*Wt320. 0 l gtili8i^^i;4<fD* 80.8 0 g 
(Cr / (Mn + Cr + Fe) =0.05. Fe/(Mn 

+cr+Fe) =0.20) tsrfflv^T. mtmitnm 

1, ZlX. ^nA5=tJl'%t^2 0^>\y%immLfzE^ 

m'i\:-?y:^yi:mz. z(7)^uAmmmmEzM^t'? 

yijyl. 9 0 g i: im.\^ 'J 'f-'^h.-mmk. 2 0 g ( L 
i/(Mn + Cr + Fe) ^:;Uit=1.00) fcSrIWtC 
A^l, i^-tvI^Lfcm, S5g#HSlT. 6 5 0'Ct'l 

L, vy;{^yo2 0^;i'%Sr«^T'S^L!tUf-:7Avy 

;yy«^l?-ft!t%l4^4MR5ii»*) ( L i M no. 75C ro. 05 F 
e«.2o02 ) Z(ri^^^^y'7'lV%.)\/X'm2 
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